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Reply to Soper: Density measurement of confined water with neutron scattering
This is a response to Soper's two comments (1) regarding our papers (2, 3) in PNAS that (a) the distribution of water across the pores is not uniform and (b) the majority of water may reside outside the pores. Here, we show that we have given proper consideration to both issues and have reconfirmed the validity of our method and conclusion as elaborated in the following.
The possibility that layering effects across the pores may introduce errors in associating the (100) interchannel peak height with density is not a new idea (reference 3 in ref. 1) , and it has already been addressed (2) . The arguments of Soper (4) mainly rest on the assumption that the average density of water does not depend on temperature, which is drawn by linking the temperature-independent incoherent background of his experimental data to the water density and not to the amount of sample exposed to the neutron beam. As a result, he constructs a density profile with a large spatial variation across the pores in an effectively underfilled condition ð ρ water ¼ 0: and introduce unnecessary complications to the model. On the other hand, we have estimated the effect of a density profile based on these published simulation results ( Fig. 1 B-D) . The layering effect on the (100) peak intensity is found to be negligible compared with the experimentally observed intensity change shown (figure 2 in ref.
2) as long as the spatial variations do not exceed such a level. We therefore believe our average density approach to be valid and accurate. As for the second point raised by Soper (4), we have confirmed that the amount of excess water is negligible compared with the interior water by measuring the water vapor adsorption-desorption isotherm. Also, both differential scanning calorimetry scans and inelastic neutron scattering measurements of the generalized librational density of state do not detect any signs of freezing. In any case, a small amount of external water is unlikely to affect the behavior of water within the pores. The (100) interchannel peak is sensitive only to the scattering contrast between the water in the channels and the surrounding silica and has nothing to do with the excess water. We are aware that the pore size, especially for those <20 Å, may be considerably underestimated by the standard Barrett-Joyner-Halenda (BJH) method. The BJH pore size of 15 Å used in our paper is thus a nominal value to allow meaningful comparisons with other measurements. Using the Kruk-Jaroniec method (5), the pore size of the MCM-41-S-15 sample may well be 25 Å, implying a hydration level of 0.45 gD 2 O/gSiO 2 using Soper's formula (4), which is close to our measured value. Density profile based on published simulation results with a 3-Å surface water layer of 10% higher density, for which the computed intensity, I(Q), and particle structure factor, P(Q), are presented in C and D with two different approaches: the average density approach (green) and the core-shell model (red). The simulated intensities with the two approaches show negligible difference at the (100) interchannel peak compared with the experimentally observed intensity change shown in figure 2 in ref.
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